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Abstract 
Among all thermochemical materials for thermal energy storage salt hydrates seem to be the most promising ones. Salt hydrates 
present the highest energy densities, but their main drawback is their bad compatibility with some container materials, such as 
metals. To control the corrosion effect it is necessary to perform and evaluate experimental tests. The main goal of this paper is to 
show experimental results of corrosion test between the most used salt hydrates for thermochemical energy storage and the most 
common vessel metals. 
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1. Introduction  
Thermal energy storage (TES) is presented as one option to reduce the existing gap between the energy supply 
and the energy demand [1]. Thermal energy can be stored by means of three different techniques: sensible heat by 
applying a temperature gradient, using latent heat released and absorbed during a state change, and thermochemical 
heat released and stored during a chemical reaction. Phase change materials (PCM) are used to store energy as latent 
heat because of their high storage capacity through a high melting/solidification enthalpy. Thermochemical 
materials (TCM) present higher energy densities than the other two methods [2]. 
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Thermochemical energy storage is one potential solution for storing heat in systems providing heating or cooling 
for low energy buildings. TCM are novel high-density materials, which allow a compact seasonal thermal storage 
system. 
 
Within TCM, salt hydrates are the ones that present higher storage capacity values. Experimental results for air-
conditioning applications, under certain operation conditions, show that the greatest storage capacity is achieved by 
Na2S (353 Wh/kg), CaCl2 (271 Wh/kg), MgCl2 (233 Wh/kg), and LiCl (197 Wh/kg) [3]. These salt hydrates react 
with water vapour releasing energy and a higher hydrated compound. This process involving water and salts 
presents one big drawback which is corrosion between the salts and container materials such as metals. Usually, 
TCM equipment as vessels, piping, etc. are metal made which can be affected and damaged by corrosion.  
 
Due to the great advantages that salt hydrates present in regards to other TCM, corrosion is important to be 
evaluated beforehand at lab scale. In this paper, experimental results of corrosion test between five potential salt 
hydrates [4] and four commonly used metals are provided.  
 
2. Materials  
Materials are divided in salt hydrates and metals. Five salt hydrates as TCM were selected among the most used 
ones to carry out corrosion test: CaCl2, Na2S, MgSO4, MgCl2 and Ca(OH)2. The TCM were all in lab grade and solid 
powder form (see Table 1).  
 
Table 1. Five selected TCM, purity and manufacturer. 
TCM Purity (%) Manufacturer 
CaCl2 n.a. Sigma-Aldrich 
Na2S n.a. Sigma-Aldrich 
MgSO4 99.0-100.5 Panreac 
MgCl2 98.0-101.0 Panreac 
Ca(OH)2 95.0-100.5 Panreac 
n.a.: not available 
 
Four different metals were selected to simulate the vessel container. The vessel metals under study are: copper, 
aluminium, stainless steel 316 and carbon steel. Metals sheets were bought in Servei Estació (Spain) and where cut 
in the lab. Metal samples dimensions were 5.5 cm height and 1 cm width. 
 
3. Methodology 
Test tubes containing each metal sample were filled with the corresponding TCM in solid state. All test tubes 
were placed in a test tube rack, in vertical position, in a controlled chamber. These test tubes were open letting salts 
hydrate from the atmosphere.  
 
The corrosion test was conducted in a controlled humidity chamber at 99% of relative humidity and 60 °C under 
atmosphere pressure (see Fig.1). These conditions simulate the worst TCM- vessel scenario. 
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Fig. 1.Humidity chamber setup (a) before; (b) during the corrosion tests. 
 
Each metal sample, after being cut, was polished and cleaned with acetone to eliminate metal impurities. Then, 
they were weighted in a precision balance from Mettler-Toledo, AG135. The corrosion test includes 3 tests, at first, 
fourth and twelfth week of exposure. After each test, the metal sample is cleaned with chemical reagents, polished, 
and weighted again, with the same balance, looking for mass loss. All this procedure follows ASTM G1 [6]. 
 
The corrosion rate (CR) of each sample metal is calculated following equation 1 [5]: 
 
CR = Δm / (A · t0-t)                                                                                                                                     (1) 
 
Corrosion rate CR (mg/cm2 yr) takes into account the mass loss (Δm), the area of the metal sample (A), and the 
time of exposure (t0-t).  
 
4. Results and discussion 
Results concerning CR values of all TCM and metal combination are shown in Table 2. 
 
Table 2. Corrosion rate (mg·cm-2·yr-1) vs. time (week) of five TCM and four common vessel metals. 
 Copper Stainless steel Carbon steel Aluminium 
 1st  4th  12th 1st  4th  12th  1st  4th  12th  1st  4th  12th  
CaCl2 33.2 13.6 n.d. n.d. 1.0 0.2 42.7 9.2 9.3 42.7 4.8 4.6 
Na2S 2785.9 1193.5 591.0 0 0.7 0.3 48.8 19.8 16.6 1725.9 n.s. n.s. 
Ca(OH)2 51.6 16.6 6.6 1.9 0 0.3 57.4 10.3 8.1 19.4 45.9 37.7 
MgCl2 49.8 16.7 5.5 0 1.1 0.3 61.1 13.2 16.1 0.5 9.8 11.7 
MgSO4 60.2 5.8 5.8 3.3 0.6 0.3 252.7 89.7 44.7 0 5.6 11.4 
n.d.: no data, n.s.: no sample. 
 
Regarding Table 2 all salt hydrates present lower corrosion rate values when combined with stainless steel. 
Sodium sulphide shows severe corrosion when combined with copper and aluminium. Aluminium sample in contact 
with sodium sulphide was totally corroded in four weeks (Fig.2). 
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Fig.2 Aluminium sample (a) before, (b) after 4 weeks, in contact with Na2S 
 
From the literature review [7], MgCl2 and MgSO4 are compatible with aluminium performed at concentrations of 
10% and 50%, respectively. From experiments carried out with a concentration of 100%, these two TCM are 
recommended with caution. Furthermore, MgCl2 corrodes carbon steel. The solutions show a brown precipitate, 
probably ferric chloride, and the metal samples show clear signs of corrosion after the tests. Even though the copper 
sample in contact with MgCl2 that was immersed in the TCM during 1 week did have some mass loss, there is no 
evidence of corrosion in the tested metal pieces neither in the test tubes after the experiment, therefore, the usage of 
this pair combination can be considered adequate with caution (Table 3). On the other hand, copper with MgSO4 
shows surface damage, being not recommended for a service greater than one year. Moreover, test tubes containing 
carbon steel and MgSO4 presented precipitate and high corrosion surface damage.  
 
Calcium hydroxide can be only recommended with stainless steel and recommended with caution with 
aluminium. Stainless steel 316 is recommended for long term service when treated with calcium chloride and 
recommended with caution with carbon steel and aluminium. However, carbon steel samples in combination with 
CaCl2 showed precipitate in test tubes and corrosion effect after cleaning, and the test tubes containing aluminium 
presented bubbles formation, in accordance with previous studies [8]. 
 
Table 3. Guide for corrosion weight loss used in the industry [9]. 
mg/cm2yr Recommendation 
>1000 Completely destroyed within days 
100–999 Not recommended for service greater than a month 
50–99 Not recommended for service greater than 1 yr 
10–49 Caution recommended, based on the specific application 
0.3–9.9 Recommended for long term service 
<0.2 
Recommended for long term service; no corrosion, 
other than as a result of surface cleaning, was 
evidenced 
 
5. Conclusions 
Experimental corrosion test between salt hydrates to be used as TCM and common vessel metals were conducted. 
The calculated corrosion rates show that stainless steel presents better behaviour than the other metals. Also, 
aluminium is recommended with caution as a TCM container material except for sodium sulphide. 
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